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Abstract: The role of acetylcholinesterase
(AChE) in the developing neocortex was
reexamined by comparing its expression in
rats, mice and guinea pigs, following the
protocol
for
acetylcholinesterase
histochemistry (described in Sendemir et al.,
1996) in order to determine the suitability of
the breeding colony at UludaÛ University for
use as an animal model.
A total of 103 pups as well as two adult
animals of each species were used.

Department of Anatomy, Faculty of Medicine,
UludaÛ University, Bursa-TURKEY

In the rat pups, acetylcholinesterase-rich
patches were distributed in a vibrissa-related
array in the somatosensory cortex soon after
birth, whereas regions of the cortex lying
between individual patches and between
rows of patches in the were depleted
enzyme. Mice on postnatal day 3 and older

Introduction
More than a decade ago, Kristt (1,2,3) showed that
high levels of acetylcholinesterase (AchE) - an enzyme
commonly known for its function in degrading the
neurotransmitter acetylcholine which is also localized in
the regions of the developing nervous system and that is
not necessarily associated with cholinergic transmission
(4, 5) - are present inthe ventrobasal thalamus and barrel
cortex of perinatal rats. He showed that the enzyme is
transiently distributed in whisker-related cortical patches
during development, but is not detectable in the adult
animal.
More sensitive histochemical methods for visualizing
the presence of AchE have been introduced (6, 7),
although the latter of these proved to be contradictory in
previous studies (8, 9). The newer techniques have
primarily made use of the rat as an animal model, and led
to the supposition thta AchE has an important role in the
formation of thalamocortical connectivity (10, 11, 12).

mice
revealed
lightly
stained,
acetylcholinesterase positive spots in the
center of barrel cores, while the barrel walls
remained devoid of acetylcholinesterase;
septae that divided the individual barrels
were densely enzyme positive. The barrels in
the guinea pigs formed before birth. Wellformed barrels were observed by postnatal
day 0, and acetylcholinesterase activity
gradually decreased by postnatal day 10 but
did not fade away. The differential enzyme
location in different rodents indicates that its
role in the development of thalamocortical
connectivity is distinctly different in rats as
opposed to mice and guinea pigs.
Key Words: Thalamocortical development,
barrel cortex, rodent, and acetylcholinesterase
histochemistry.

However, for any such role to be generally true, one
would expect the enzyme to have a similar distribution in
all species that share a similar cortical organization.
This has been tested before by comparing the
maturational expression of Ache in the somatosensory
cortex (SI) of rat, mouse and hamster (9), with the
conclusion that the roles suggested for AchE during the
development of connectivity in the rat SI cannot be
generalized to other rodent species without significant
remediation.
In order to determine the suitabilty of our breeding
colony (UludaÛ University, Experimental Animals
Research and Breeding Center) for use as an animal
model for similar processes, the expression of AchE was
retested in the rat, mouse and also guinea pig, as it is a
special having a longer gestational period than the other
two (mouse, 19; rat, 21; and guinea pig, aproximately 64
days).
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Materials and Methods
The data reported in this study were collected from
six litters of rats (Sprague-Dawley, n=48), four litters of
mice (h=34) and eight litters of guniea pigs (n=21) as
well as two adult animals of each species. The day of birth
was designated as postnatal day (PND) 0 for all animals.
Pups aged PND 0, 1, 2, 3, 5, 8, 10, 15 and 20 and
adult animals were overdosed with sodium pentobarbital
and perfused transcardially with cold heparinized saline,
followed by 4% paraformaldehyde in phosphate buffer
(0.1 M, pH 7.4). The brains were removed and postfixed
overnight at 4 ¼C. Cortices from two or more animals at
each time point were removed, flattened between glass
slides, and cryoprotected. The tissue was cut parallel to
the pial surface at a thickness of 60 µm. Forebrains from
other animals (at all time points) were cut along the
coronal plane. All sections were mounted on gelatinsubbed slides and air dried.
The protocol for AchE histochemistry described by
Sendemir et al. (9) was used. The sections were
immersed for 18-20 hours in the substrate incubation
solution containing 0.002 M copper sulfate, 0.115%
acetylthiocholine iodide, 0.078 M magnesium chloride,
0.002 M copper glycine and 24% sodium sulfate, in 0.05
M maleate buffer (at 37¼C; pH 6.0). The slides were
transferred to 20% and 10% solutions of sodium sulfate
for 5 minutes and 1 minute, respectively, washed in
distilled water, and developed for 1-10 minutes in 4%
ammonium sulfide in 0.1 M phosphate buffer and
perchloric acid (pH 6.0). After washing, the tissues were
fixed in 4% buffered (0.1 M, pH 7.4) parafolmaldehyde
(20 minutes), rinsed again, toned with 0.2% gold
chloride (5 minutes), immersed in 5% sodium thiosulfate
(5 minutes), and, after a final rinse, the sections were
coverslipped for light microscopy using a glycerol jelly as
the mounting medium.
Results
Developmental Changes in Patterns of AchE
Staining in Rat, Mouse and Guinea Pig Cortex
Coronal Sections
On the first and second day following birth, Layer I
and emergent infragranular layers were identified in the
neocortices of the rats and mice: future Layer II-IV cells
were still incorporated in the cortical plate. By PND0 and
PND1 in the mice, a few fibers were beginning to enter
the cortical plate, and similar sections from the rats
revealed dense AchE-positive fibers in layer VI and part of
Layer V.
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Over the next few days, increasing numbers of
enzyme-containing fibers entered the neocortical walls of
the mice and rats. In the rats a densely stained band in the
lower part of the cortical plate/Layer IV broke up into
multiple patches, and became restricted to the
differentiated Layer IV. The discrete patches of enzyme
gradually disappeared by PND 20. In contrast to the
enzyme distribution described for the rats, the expression
of AchE in Layer IV low through the first few days after
birth. In the guinea pigs, AchE-negative patches and
positive septa were clearly visible from PND 0, and this
continued even in the adult form. In the mice and guinea
pigs a dense band of AchE staining located at the border
of layers IV/V, became more pronounced but then thinner
by PND8 (Figure 1).
Sections Parallel to the Pial Surface
Patterns relating to the periphery in SI cortex can be
more clearly visualized in sections that are cut tangential
to the cortical surface. In rats, AchE-containing patches
overlie the barrels, whereas regions between individual
barrels and between whisker-related rows, like the
agranular cortex surrounding the barrels, do not express
the enzyme. In mice, AchE staining in Layer IV gave an
overall negative image of that seen in rats: for the most
part, the barrels were low in enzyme, whereas the septa
and agranular cortical areas became progressively more
AchE positive over time, thus outlining individual barrels.
This was the case from the first day in the guinea pigs.
The bands of staining along the septa surrounding
each barrel in the mice and guinea pigs were much
thinner than the enzyme-negative regions between
barrels in the rats. Faint spots AchE staining were also
present in the barrel cores. In the guinea pigs the barrels
were more diagonal in shape, and clearly delineated by
their AchE-positive septa. In contrast to the findings of
previous literature (13), the barrels seemed to be larger
that rat and mouse barrels, and they were not round
(Figure 2).
AchE Staining in the Ventrobasal Complex of the
Thalamus
The ventral posterior thalamus of all rodents is
divided into the ventroposteromedial nucleus (VPM),
which receives trigeminal input including sensory
information from the vibrissa pad, and the
ventroposterolateral nucleus (VPL), which receives input
from dorsal column nuclei. In perinatal rats AchE staining
was very dense in both of these cell groups. The whiskerrepresentation modules of the diencephalon the - the
barreloids - in the thalamus were identified with enzyme
histochemistry after PND 3. Correlated with this staining
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Figure 1.

Acetylcholinesterase (AchE) staining patterns in the barrelfield cortex of the developing mouse (M), guinea pig (GP) and rat (R). By potnatal
day (PND) 0, an enzyme-positive band is present in the lower part of the cortical plate in rats. By PND 3, this band becomes segregated
into patches. The best patchy scene is in p5R (white arrowheads). The equivalent region in the mouse is depleted in AchE (between starsp5M), and a negative image of the rat can be seen in the guinea pig-barrels are devoid of the enzyme, and AchE positive septa (p0 GPstars). Guinea pig has adult appearance by birth and AchE activity does not show any changes. Scale bar, 500 µm.
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Figure 2.

Patterning of periphery-related modules in flattened somatosensory cortex of rat, mouse and guinea pig as revealed by acetylcholinesterase
(AchE) histochemistry. AchE-positive patches become clear as rat and mouse develop from postnatal day 0, but in guinea pig, barrels keep
their initial shape that can be seen formed even by postnatal day 0. AchE positive patches occupy barrel centres in rat (left column). In
mouse (right column) and guinea pig (middle column), barrels are for the most part devoid of enzyme while dense staining is present along
septa separating indivudual barrels. (Rows of barrels from A to E are shown in p5M figure). Scale bar, 500 µm.

pattern, the vibrissa-specific barrels, like the non-whisker
barrels, were rich in AchE. In contrast, in both the mice
and guinea pigs VPM was depleted AchE at all postnatal
ages, and the VPL contained high levels of the enzyme. No
photographs of the guinea pig thalamus were taken,
because they were too big to photograph with a
microscope (Figure 3).
Discussion
We have documented that a complex expression of
AchE prevails in the developing somatosensory cortex of
rodents and that specific differences exist in the laminar

330

and tangential localization of the enzyme in neonatal mice
and guinea pigs as opposed to rats.
In both mice and rats there is clear evidence that
glutamate/aspartate, and not acetylcholine, is the
neurotransmitter which subserves the thalamocortical
connections (14, 15). Choline acetyltransferase is not
detectable in the sensory thalamic nuclei of immature or
adult rats (16, 17), lending support to the claim that
thalamocortical projection neurons are not cholinergic.
Yet during development, these thalamic nuclei stain
intensely for Ache (2, 18). The expression of AchE in
immature thalamic neurons, its presence in the cortical
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Figure 3.

projection zones of these nuclei, and its virtual
disappearance from thalamo-recipient zones of the
neocortex after diencephalic lesions all indicate that much
of the AchE localized in developing layers III/IV of the
sensory neocortex derives primarily from neurons inthe
thalamus. These observations have led to the suggestion
that AchE of thalamic origin may serve an important
function in the establishment of synaptic connectivity
between the thalamus and cortex.
Robertson and Yu (12) advanced hypotheses with
regard to how AchE might contribute to the
establishment
of
thalamocortical
connectivity.
Comparative studies on the structure of cytoarchitectonic
aggregates that comprise cortical barrels do show
species-specific differences: barrels in the mouse have
cell-sparse cores (hollows), and cell-dense walls; in the
rat, the barrel cores (centers) are cell dense (13, 19).
Thus, the presence of AchE-positive patches in the rat,
and the enzyme containing septae and barrel cores in the
mouse and guinea pig may somehow relate to the way in

Acetylcholinesterase
(AchE)
staining
in
ventrobasal complex of
postnatal day 5 mouse
(M), and rat (R). In rat,
ventroposteromedial
(VPM) and ventroposterolateral (VPL) nuclei of
ventrobasal complex are
AchE positive; row of
barreloids
can
be
identified (arrowheads
p5R). In mouse and
guinea pig AchE-positive
barreloids are visible in
VPL (although they are
not clear in these
pictures),
but
VPM
remains
devoid
of
enzyme. Scale bar, 500
µm.

which granule cells become clustered in the immature SI
cortex of these species. Such a relationship necessitates
that AchE mediate cell-cell adhesions (18, 20, 21).
Unlike the findings in rats barrels form in utero in
guinea pigs. The expression of the AchE-negative barrels
plus Ache-positive septa do not show any changes
following birth.
The role of Ache expressed in the septal regions of the
guinea pig and mouse, but not of the rat, remains
unexplained. Examining the developmental pattern of
cytotactin, cytotactin binding proteoglycan, or other ECM
molecules in the mouse and guinea pig barrelfield cortex
could shed light on this.
In light of our comparative study, one would have to
suppose that the mechanisms of thalamocortical
connectivity and formation of barrels in rats are different
to those in mice and guinea pigs, or that an alternate
enzyme in mice and guinea pigs serves the function of
AchE in rats.
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